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IN PHASE QUADRATURE AND SLAVED WORKING FREQUENCY 

SIGNAL GENERATOR 

The present invention relates to an in phase quadrature signal generator used 
particularly in the field of transmissions, for applications such as image frequency 
rejection receivers or transmitters. 

This signal generator includes phase shift means formed of passive elements 
5 for delivering in phase quadrature signals from a received input signal. 

Such generators, also called l-Q phase shifters (In-phase and Quadrature), are 
known in the prior art. The general principle is described in Figure 1 showing a 
generator whose phase-shifter 1 uses an RC-CR type passive filter stage. An input 
signal Vin is received at an input terminal 2 of the phase-shifter. This signal Vin is 
10 supplied to a first phase-shifter circuit 3 including a resistor R1 connected between the 
input terminal 2 and a first output terminal 5 of the generator and a capacitor C1 
connected between said output terminal 5 and a reference potential, for example to 
the ground. The signal VoutJ delivered at output terminal 5 of this first phase-shifter 
circuit 3 is phase shifted with respect to the signal Vin supplied at the input. This 
15 signal Vin is supplied in parallel to a second phase shifter circuit 4 including a 

capacitor C2 connected between the input terminal 2 and a second output terminal 6 
of phase shifter 1 and a resistor R2 connected between said second output and the 
ground. The signal Vout_Q delivered at output terminal 6 is also phase shifted with 
respect to the signal Vin supplied at the input. Signals VoutJ and Vout_Q are phase 
20 shifted by 90° with respect to each other, which is why one speaks of in phase 
quadrature signals. 

Considering the output impedances Z1 and Z2 associated with output 
terminals 5 and 6, the following equation is obtained as a transfer function between 
output signals VoutJ and VoutJD: 
25 VoutJ. i l+M*2.C2 + |f 

Vout_Q jco.R2.C2 l+jMRLCl+ m 

This type of generator is more advantageous when the in phase quadrature signals 
VoutJ and Vout_Q have the same amplitude. In order to achieve this, the transfer 
function explained hereinbefore has to have a module with a value of 1 . 

This type of circuit is integrated in wafers. Passive elements, like resistor or 
30 capacitance values, can be matched with an acceptable order of magnitude on the 
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same wafer, of the order of one percent. This order of magnitude varies however, 
depending on the technology used. 

Assuming a perfect match of the resistor values (R1 = R2 = R), capacitance 
values (C1 = C2 =C) and impedance values (Z1 = Z2), the transfer function can be 
5 simplified as follows: 

Vout_l _ i 
Vout_Q~ jco.R.C 

The amplitudes of the output signals VoutJ and Vout_Q are thus equal for a single 
frequency f 0 , also called the cut-off frequency, whose corresponding angular 
frequency co 0 has a value of -^-^ . 

10 However, this type of in phase quadrature signal generator has several 

drawbacks. Indeed, as mentioned previously, matching of the passive elements of a 
circuit can only be achieved in an acceptable manner on a same wafer. For such 
circuits, dispersion between the passive elements from one wafer to another wafer is 
relatively significant, and can be of the order of ±30% for example for digital CMOS 

15 technology. 

Thus the frequency f 0 , which directly depends on the values of these passive 
elements, varies greatly from one wafer to another, which raises serious problems for 
applications using a given working frequency. 

Moreover, this dispersion represents a major drawback, in particular in 

20 application of the image frequency rejection receiver type. Within such applications, 
filtering means are provided for filtering the whole range of frequencies capable of 
containing the image frequency in order to retain only that of the signal generated at 
the working frequency. 

Some solutions for avoiding the aforementioned drawbacks have already been 

25 proposed in the prior art. A first solution of the prior art consists in using a passive 

polyphase filter with several stages using different cut-off frequencies. The number of 
stages and the placing of the poles, defining the different cut-off frequencies, allow the 
quality of the image frequency rejection to be evaluated as a function of the 
mismatching of the components and their absolute value. This solution has the 

30 drawback of decreasing the amplitude of the signals at the output of each stage. 

Another solution according to the prior art consists in making an active 
polyphase filter. Synthesis of this type of filter requires the use of several 
transconductors with a high dynamic range. The power consumption and surface area 
of these filters are significant. 

35 In other applications where the signal amplitude is not significant, since it does 

not carry data, one can omit the amplitude error by using, for each of the quadrature 



signals, a large gain amplifier that limits the amplitude, but at the cost of high power 
consumption. 

It will be noted that each of these solutions heavily penalises the circuit's power 
consumption and that the image frequency rejection remains limited in all cases 
5 because of the mismatching of the components used from one wafer to another. 

It is an object of the invention to overcome the aforementioned drawbacks of 
the prior art, particularly to limit the power consumption of such a circuit and to obtain 
in phase quadrature signals independent of the passive components of the circuit. 
Thus, the invention concerns an in phase quadrature signal generator as 

10 defined in the preamble, characterised in that it further includes, between the phase 
shifter means and the output terminals, transconductor means having a 
transconductance proportional to the passive elements, arranged so as to obtain a 
transfer function between said first and second in phase quadrature signals delivered 
at output, independent of said passive elements. 

15 According to one aspect of the invention, the transconductor means include 

first and second transconductor circuits that each have temperature independent 
transconductance so as to obtain a temperature independent transfer function 
between the in phase quadrature signals. 

According to another aspect of the invention, the in phase quadrature signals 

20 have the same amplitude at a given frequency and this frequency is dependent on a 
dynamically modifiable parameter, such as the frequency of a clocked signal. 

According to a particular application, the invention also concerns an image 
frequency rejection receiver including means for receiving external signals at a given 
frequency, filtering means formed of passive elements, and conversion means 

25 including at least two mixers for delivering frequency shifted in phase quadrature 
signals at a shifted frequency, said receiver being characterised in that it includes 
transconductor means having a transconductance proportional to the passive 
elements, arranged so as to obtain a transfer function between the frequency shifted 
signals, independent of said passive elements. 

30 The invention will now be explained in detail hereinafter for an embodiment 

given solely by way of example, this embodiment being illustrated by the annexed 
drawings, in which: 

- Figure 1 , already described, shows an in phase quadrature signal generator 
according to the prior art; 
35 - Figure 2 shows an in phase quadrature signal generator according to a 

preferred embodiment of the invention; 
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- Figure 3 shows an image frequency rejection receiver integrating an in phase 
quadrature signal generator according to the invention; 

- Figure 3A shows the detail of a mixer used in Figure 3; 

- Figure 4 shows another image frequency rejection receiver; 

5 - Figure 4A shows the detail of a passive polyphase filter of Figure 4; and 

- Figures 5A and 5B show example embodiments of proportional to absolute 
temperature (PTAT) current sources. 

Figure 2 shows a block diagram of an in phase quadrature signal generator 
according to a preferred embodiment of the invention. As in the diagram of the 

10 generator of the prior art shown in Figure 1 , there is an input signal Vin supplied to an 
input terminal 2 of phase shifter 1 . 

Input terminal 2 is connected to phase shifter means including a first phase 
shifter circuit 3 and a second phase shifter circuit 4. The phase shifter circuits are 
formed of passive elements. For example, first phase shifter circuit 3 includes a 

15 resistor 7, of value R, connected between input terminal 2 and a first control terminal 5 
' of the generator and a capacitor 8, of capacitance C, connected between said control 
terminal 5 and a reference potential, typically the ground, and second phase shifter 
circuit 4 includes a capacitor 9, of capacitance C matched to that of capacitor 8, 
connected between input terminal 2 and a second control terminal 6 of the generator 

20 and a resistor 10, of value R matched to that of resistor 7, connected between said 
second control terminal 6 and the ground. 

Signals Va and Vb, obtained at control terminals 5 and 6, are phase shifted by 
90° with respect to each other. As was already mentioned previously, it is possible to 
obtain an almost perfect match of the passive elements on a same wafer. Assuming 

25 thus a perfect match of values R of resistors 7 and 10, and capacitances C of 

capacitors 8 and 9, the transfer function between the two control terminals is simplified 
as follows: 

Va = 1 
Vb jco.R.C 

The idea according to the invention is to obtain a transfer function independent 
30 of these passive elements in order to ensure an almost identical working frequency 
from one wafer to another. In order to do this, the generator further includes 
transconductor means placed at the output of the phase shifter means. 

The transconductor means include a first transconductor circuit 1 1 having a 
determined transconductance gm 1f and a second transconductor circuit 12 having a 
35 determined transconductance gm 2 . These transconductances are determined so as to 
remove the passive elements dependence on the transfer function between the two 
output terminals OutJ and Out_Q. Thus transconductance grrh is proportional to a 
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capacitance value C 0 and transconductance gm 2 is proportional to a conductance 
value 1/R 0 . The values C 0 and R 0 are matched to the values of passive elements R 
and C almost perfectly, since all the passive elements are on the same wafer. 

The transconductances gir^ and gm 2 are respectively in the following forms: 
5 gm 1 = a^fck.Co 

gm 2 = a 2 /R 0 

where and a 2 each represent a proportionality factor and f C k represents a reference 

frequency, for example that of a quartz. 

According to a particular variant, the first transconductor circuit 1 1 includes a 
10 transistor whose control terminal Gt is connected to the first control terminal 5 via a 

coupling capacitor Cc whose current terminal D 1f which corresponds to the first output 

terminal, is connected to a load 13, such as for example a resistor, and whose current 

terminal Si is connected to the ground. The transconductance of such a transistor ISh 

is generally given in the following form: 
15 gm 1 = lm-9(\Ci)/(n.U T ) 

Where l N1 is the current applied to current terminal D and g(IC1) represents the 

standardised transconductance of N 1e 

It will be noted in particular that this transconductance depends on 

temperature. In order to make transconductance gmi temperature independent and 
20 proportional to the value of capacitance C 0 , current l N1 has to be in the following form: 

lN1 = CX3.Uj.fck.C0 

A current is obtained in this form by using a proportional to absolute 
temperature current source 15, called PTAT, function of the capacitance value C 0 and 
the signal clocked at frequency f ck . An example embodiment of such a current source 
25 is shown in Figure 5B. The current l N3 , delivered by PTAT current source 15, is 

mirrored by means of a current mirror formed by transistors Nh and N 3 . It should be 
noted that the ratio between currents l N1 and l N3 can be chosen to be equal to 1 or 
different from 1 depending upon requirements by sizing transistors N-i and N 3 . 

Advantageously, the second transconductor circuit 12 includes a transistor N 2 
30 whose control terminal G 2 is connected to second control terminal 6 via a coupling 
capacitor Cc, whose current terminal D 2 , which corresponds to the second output 
terminal, is connected to a load 14 identical to load 13 and whose current terminal S 2 
is connected to the ground. 

In order to make transconductance gm 2 temperature independent and 
35 proportional to the conductance value 1/R 0 , current l N2 has to be in the following form: 

Ro 
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A current is obtained in this form by using a PTAT type current source a 
function of the conductance value 1/R 0 . An example embodiment of such a current 
source is shown in Figure 5A. Current l N4 delivered by PTAT current source 16, is 
mirrored by means of a current mirror formed by transistors N 2 and N 4 ; the ratio 
5 between the currents l N 2 and l N4 being selected in accordance with requirements. 

Thus, a transfer function is obtained between current terminals and D 2 of 

transconductor circuits 1 1 and 12 in the following form: 

Im = fa Co.Ro #3 
Ini jco C.R a 4 

By assuming elements R 0 and C 0 to be respectively matched to elements R 

10 and C and polarising transistors and N 2 in weak inversion which causes the 

dependence of inversion factor g(IC) to disappear, a transfer function is obtained that 
is independent of temperature and the dispersion of the passive elements of the 
circuit, i.e. of the product RC in this application example. 

It is important to note that the working frequency f 0 for which the transfer 

15 function module has a value of 1 , i.e. for which output signals OutJ and Out_Q have 
the same amplitude, depends on the frequency f ck of a clocked signal, which is, for 
example, a clock signal delivered by means of a quartz oscillator. Thus, it is possible 
to modify the working frequency of the generator in a dynamic manner, by modifying 
the frequency of the clock signal used. 

20 As was mentioned in the introduction, this type of in phase quadrature signal 

generator can be integrated in an image frequency rejection receiver, as shown in 
Figures 3 and 3A. For the sake of simplicity, the receiver of Figure 3 is shown with 
signals in non-differential form. Such a receiver 20 conventionally includes external 
signal receiving means, like for example a radio-frequency antenna 21 , able to be 

25 connected to a band-pass filter that is not shown, then to a low noise amplifier 22. 
The output signal from the low noise amplifier 22 is provided to filtering means, for 
example to a phase shifter l-Q 23 formed of passive elements for obtaining in phase 
quadrature signals l RF and Q RF . These signals l RF and Q RF are frequency shifted by 
means of mixers 24 and 25. These mixers can have a structure like that detailed in 

30 Figure 3A, the signals appearing, in this case, in differential form. 

As is visible in Figure 3, each mixer includes two control terminals and an 
output terminal. Mixer 24 receives signal l RF at one control terminal and an in phase 
clock signal l L o at the other control terminal, and delivers, at its output terminal, a 
frequency shifted (RF-LO) in phase signal OutJ. Mixer 25 receives signal Q RF at one 

35 control terminal and an in phase quadrature clock signal Q LO at the other control 
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terminal, and delivers at its output terminal an in phase quadrature signal Out_Q that 
is also frequency shifted (RF-LO). 

Clock signals l LO and Q L o are obtained from a local oscillator 26 delivering a 
clock signal at an adjustable frequency (LO), combined with a 90° phase shifter, 
5 referenced 27. It should be noted that it is also possible to use a local oscillator with a 
double frequency (2LO) combined with a frequency-divider-by 2 stage also for 
obtaining the desired signals l LO and Q lo . 

These signals Out_I and Out_Q can then be added by means of a summing 
amplifier 28 before being processed by a processing unit not shown in Figure 3. 

10 Figure 3A shows an example embodiment of mixer 24 of Figure 3 wherein the 

signals appear in differential form; since mixer 25 has a similar structure it will not be 
shown in detail here. As was mentioned hereinbefore, each of these mixers includes a 
first control terminal 35 receiving a signal l RF , a second differential control terminal, 36- 
and 36+, receiving differential signals l LO - and l L o+ and a differential output terminal, 

1 5 37- and 37+, whose output current is equivalent to the difference in currents h and l 2 . 
The mixer includes in particular a first transistor 31 whose control terminal 35 receives 
signal l RF , the two current terminals of transistor 31 being respectively connected to 
the ground and to one of the current terminals 38 of a differential pair of second and 
third transistors, 32- and 32+, whose control terminals correspond to the differential 

20 control terminal, 36- and 36+, of the mixer receiving signals Ilo- and li_o+« 

The 

differential output terminal, 37- and 37+, of the mixer delivering in phase opposition 
signals OutJ- and Out_l+, is connected, respectively to the other current terminal of 
the differential pair of transistors 32- and 32+. 

The idea according to the invention is to be able to be rid of passive element 

25 dispersion when the image frequency (RF+LO) is removed. For this purpose transistor 
31 is polarised by means of a current proportional to absolute temperature and to one 
of the passive elements of phase shifter l-Q 23. This current is obtained, as explained 
within the scope of Figure 2, by means of a PTAT current source 34. 

The output currents of mixers 24 and 25 are established so as to make the 

30 transfer function between output terminals OutJ and Out_Q independent from the 
passive elements of phase shifters l-Q 23 as was explained hereinbefore. 

It will be noted that advantageously, the transistors of the mixers already 
present in the receiver are used as transconductor means, by adjusting their 
transconductance so as to be rid of the passive element dispersion. 

35 Figure 4 shows an image frequency rejection receiver having a different 

structure to that of the receiver of Figure 3. Again for the sake of simplicity, the 
receiver of Figure 4 is shown with signals in non-differential form. Receiver 40 
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includes a similar reception stage including external signal reception means like, for 
example, a radio-frequency antenna 41 , able to be connected to a band-pass filter 
that is not shown, then to a low noise amplifier 42. The RF signal is then supplied at 
the input of a conventional frequency conversion stage including two mixers 44 and 45 
5 similar to that detailed in Figure 3A. These two mixers 44 and 45 are respectively 
controlled by in phase quadrature clock signals l L oand Q L o supplied by a local 
oscillator 46 in combination with a 90° phase shifter 47, and respectively supply at 
their output frequency shifted (RF-LO) in phase quadrature signals l, N and Q (N . 

Signals l| N and Q !N are then filtered in a passive filter 50 like, for example, a 
10 passive polyphase filter the detail of which is given in Figure 4A, the signals 

appearing, in this case, in differential form. This type of filter will allow, within the 
matching limit of the passive elements from one receiver to another, the image 
frequency (RF+LO) of the quadrature signals I 0 ut and Qout delivered at output, to be 
removed. 

15 Figure 4A shows an example of a passive polyphase filter, wherein the signals 

appear in differential form, able to be used for the receiver of Figure 4. 

Four matched resistors R are connected between the terminals, respectively, 
Iin+ and Iout+, Qin+ and Qout+, Iin- and Iout- and Q )N - and Qout-- Four matched 
capacitors C are connected between the terminals, respectively, l| N + and Qout+, Qin+ 

20 and Iout-, Iin- and Qout- and Q !N - and I 0 ut+- The cut-off frequency of such a filter is 
given by the following relation: 

f c = 1 / (2ti.R.C) 

In order to be rid of the passive element dispersion, transconductor means are 
provided having a similar transconductance to those presented within the scope of 
25 Figure 2. 

It will be noted that for the transconductor means elements that are already 
present are advantageously used like, for example, transistors operating in amplifier 
mode. 

It should also be noted that the receivers presented hereinbefore (Figures 3 
30 and 4) do not take account of any differential nature of the signals for evident reasons 
of simplification. The invention of course remains applicable with such four-phase 
signals. 

Figure 5A shows an example embodiment of a current source proportional to 
absolute temperature (PTAT) and proportional to a conductance value (1/R 0 ). 
35 The PTAT current source 60 includes a first pair of NMOS transistors Mi and 

M 2 , a second pair of PMOS transistors M 3 and M 4 , and a PMOS transistor M 5 forming 
a current mirror with transistor M 4 . 



-9- 



Transistor M 2 has a channel width K times greater than that of transistor M-,, 
and an equal length. One of the current terminals of this transistor M 2 is connected to 
the ground via a resistor R 0 matched to the resistors used in the passive phase shifter 
means described hereinbefore. Current I present at the other current terminal of this 
5 transistor M 2 has the following form: 

Ko 

Current I is mirrored in the current mirror formed by transistors M 4 and M 5 , 
which allows an output current I PT at of the desired form to be obtained: 

I PTAT =aLfr 
Ko 

10 by taking a= InK. 

Figure 5B shows an example embodiment of a current source proportional to 
absolute temperature (PTAT) and proportional to a capacitance value (C 0 ). 

PTAT current source 70 differs from the current source of Figure 5A in that 
resistor R 0 is replaced by a capacitor C 0 switched by means of two switches Si and S 2 
15 controlled, respectively, by signal CK and CKand directly linked to the clock signal 
frequency f C k- 

Current I present at the other current terminal of transistor M 2 is then in the 
following form: 

I=UT.fck.Co.lnK 

20 Current I is mirrored in the current mirror formed by transistors M 4 and M 5 , 

which allows an output current I PT at of the desired form to be obtained: 

IPTAT=a.UT.fck.C0 

by taking a = InK. 

A capacitor that is not shown can be provided between the current terminals of 
25 transistor M 2 delivering current I and the ground for the purpose of short-circuiting the 
high-frequency elements resulting from switching to the ground. 

To conclude, it should be noted that if the description mentions the use of MOS 
transistors, particularly for making the PTAT current sources, it is nonetheless 
possible to envisage sources that operate similarly made with bipolar transistors. 
30 It will also be noted that the embodiments presented in Figures 2, 3 and 4, 

are given solely by way of example, and particularly that the PTAT current sources 
can be substituted by any means for polarising the transconductor means of the circuit 
so as to obtain a transfer function independent of the passive elements of the circuit 
and preferably of the temperature. 
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It will also be noted that integration of an in phase quadrature signal generator 
according to the invention has been given for a receiver, but that it is entirely possible 
to integrate it in an image frequency rejection transmitter. 

It is clear that the description is given solely by way of example and that other 
embodiments, particularly of the phase shifter or passive filtering means, can form the 
subject of the present invention. 



